This paper demonstrated four-wave mixing induced crosstalk cancellation in 10Gbit/s OOK signal phase locked multi-carrier transmission. Successful transmission over dispersion-shifted fiber was achieved within 1dB power penalty even though the crosstalk was -15dB.
I. INTRODUCTION
Four-wave mixing (FWM) is one of the serious factors limiting fiber-launched power in DWDM transmission systems. Generated FWM lights fall upon the signal frequency grid and degrade the signal-to-noise ratio (SNR). Since FWM light power is proportional to the cube of optical carrier power, only a slight increase in fiber-launched power drastically degrades the SNR. Experiments have shown that the launched power is limited to -4 to -9dBm per channel [1] , [2] .
Several techniques have been proposed to cope with FWM; they include dispersion management [3] , unequal channel spacing [4] , optical phase conjugation [5] , and phase-shift by adding dispersive fiber to a zero-dispersion transmission line [6] .
Phase-locking among multiple optical carriers can create new solutions for tackling the FWM problem, because it allows waveform distortion but prevents the addition of noise [6] . Electric pre-distortion of the transmitted signal is one of the compensation scheme of FWM-induced crosstalk in the phase locked multi-carrier transmission and it has been experimentally confirmed [7] , [8] . We have also proposed a simple but effective approach for canceling the crosstalk in transmission [9] . This paper demonstrates the cancellation of crosstalk induced by FWM in phase-locked six carriers 10Gbit/s OOK-modulation signals fiber transmission by presetting the initial phases of the optical carriers. Successful transmission over dispersion-shifted fiber was shown within 1dB power penalty even though the crosstalk (XT) was -15dB. Fig.1 shows that the crosstalk cancellation demonstration setup used 50GHz-spaced 6 phase-locked carriers, interleaved from 25GHz-spaced 12 phase-locked carriers generated by phase and amplitude modulation [9] . The LD's seed light source, a wavelength of 1552.52 nm, for the phase-locked carrier is heterodyne-locked to the optical frequency comb reference (OFCR) whose frequency stability is around 1MHz. acousto-optic modulator (AOM), inserted just after the intensity-modulator, was used as optical phase controller to realize optical carriers phase-locked to the OFCR. To set the desired optical phase, a level comparator was built into the loop filter with integrator. Thus the AOM operates as voltage controlled oscillator (VCO) in a phase locked loop (PLL). The two groups of modulated carriers were multiplexed by the other FBG. The multiplexed 6 optical carriers were optically amplified and transmitted through 40km of dispersion-shifted fiber (DSF); chromatic dispersion was zero at the wavelength of 1556.8 nm. The launched optical power into the DSF was set by the optical amplifier in order to control crosstalk level. After transmission, bit error-rate (BER) and eyediagram were measured via a low noise receiver followed by a 7.5GHz 4th order Bessel-Thomson filter.
II. DEMONSTRATION SETUP
When the multiplexed carriers were transmitted through the DSF, crosstalk was induced by FWM. Its optical power for two FWM lights;
; after propagating distance l is given by [9] 
where p, q, r, u, v and w are grid numbers from #-2 to #3, and (p,q,r)(u,v,w), where, (p,q,r) and (u,v,w) satisfy p+q-r=0 and u+v-w=0 respectively, E is the electrical field amplitude of the optical carrier: all optical carriers are assumed to have the same amplitude. Eq. (1) shows that the two FWM lights are mutually cancelled out if p,q,r-u,v,w= is satisfied, and the total power P becomes zero.
III. MEASURED RESULTS
In this experiment, the carriers at grid #-1 and #2 were phase-locked to the OFCR. The phase difference, =#-1-#2, was set to 0, /2 or . The ratio of the cancelled waves to the total amount of FWM induced XT were, in our estimation [9] , 53%, 48% and 56%, respectively, assuming that all carriers were continuous wave (CW), not modulated.
Prior to the BER measurement, eye diagrams for without control and under control the phase difference of 
IV. CONCLUSIONS
We demonstrated how the phase locked 10Gbit/s OOK-signal 6-carrier transmission can cancel the crosstalk induced by FWM. The carrier phase was set to cancel out the crosstalk of 56% and at that condition, successful transmission over DSF was achieved within 1dB power penalty even though the crosstalk was -15dB Fig. 2 . Eye diagrams Fig. 3 . Bit error rate measured at XT=-15dB. at #0.
